The relatively random spiking times of individual neurons provide a source of noise in the brain. We show how this noise interacting with altered depth in the basins of attraction of networks involved in shortterm memory, attention, and episodic memory provide an approach to understanding some of the cognitive changes in normal aging. The effects of the neurobiological changes in aging that are considered include reduced synaptic modification and maintenance during learning produced in part through reduced acetylcholine in normal aging, reduced dopamine which reduces NMDA-receptor mediated effects, reduced noradrenaline which increases cAMP and thus shunts excitatory synaptic inputs, and the effects of a reduction in acetylcholine in increasing spike frequency adaptation. Using integrateand-fire simulations of an attractor network implementing memory recall and short-term memory, it is shown that all these changes associated with aging reduce the firing rates of the excitatory neurons, which in turn reduce the depth of the basins of attraction, resulting in a much decreased probability in maintaining in short-term memory what has been recalled from the attractor network. This stochastic dynamics approach opens up new ways to understand and potentially treat the effects of normal aging on memory and cognitive functions.
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Introduction: stochastic noise, attractor dynamics, and aging
Cognitive symptoms such as poor short-term memory and attention could arise due to reduced depth in the basins of attraction of prefrontal cortical networks, and the effects of noise (Loh, Rolls, & Deco, 2007a , 2007b Rolls, Loh, & Deco, 2008a; Rolls & Deco, 2010 , 2011 . The hypothesis is that the reduced depth in the basins of attraction would make short-term memory unstable, so that sometimes the continuing firing of neurons that implement short-term memory would cease, and the system under the influence of noise would fall back out of the short-term memory state into spontaneous firing. Given that top-down attention requires a short-term memory to hold the object of attention in mind, and that this is the source of the top-down attentional bias that influences competition in other networks that are receiving incoming signals, then disruption of short-term memory is also predicted to impair the stability of attention, and many cognitive and executive functions that depend on the stability of short-term memory. These ideas are elaborated elsewhere (Loh et al., 2007a , Loh, Rolls, & Deco, 2007b Rolls et al., 2008a; Rolls, 2008a; Rolls & Deco, 2010 , 2011 Rolls, 2014a) , where the reduced depth of the basins of attraction in schizophrenia is related to down-regulation of NMDA receptors, or to factors that influence NMDA receptor generated ion channel currents such as dopamine D1 receptors.
In this paper we consider the hypothesis that the impairments in short-term memory and attention that are common in normal aging occur because the stochasticity of the dynamics is increased because of a reduced depth in the basins of attraction of cortical attractor networks involved in short-term memory and attention. Reduced short-term memory and less good attention are common in aging, as are impairments in episodic memory (Grady, 2008) . Short-term memory and attention are related to the operation of the dorsolateral prefrontal cortex (Goldman-Rakic, 1996; Fuster, 2008; Miller & Cohen, 2001; Miller, 2013; Arnsten, 2013) using attractor networks which also provide the source of the top-down bias for attention (Rolls & Deco, 2002; Deco & Rolls, 2003 , 2005a Rolls, 2008a; Grabenhorst & Rolls, 2010; Ge, Feng, Grabenhorst, & 
